Food intake, growth and protein utilization were studied in the Helix aspersa snail by means of a nutritional balance experiment. This was designed in a 5 X 11 factorial arrangement involving 5 diets of different protein content (10'0, 12,5, 15,0, 17'5 and 20'0070) and 11 animal ages (ranging over 15 to 180 days of age). Dietary protein content and animal age determined food intake and protein utilization. The variations of dry matter and protein intake rates, growth rates, growth effeciency factors and protein retention rates, depending on dietary protein content or animal age were in agreement with what happens in other animals. These results suggest that there is no need to use diets with more than 17· 5% of crude protein in these animals.
Materials and methods
The experimental animals were land snails of the species Helix aspersa, born in our laboratory. They were kept in an ecological chamber at 17± 2°e with a relative humidity of 96 ± 2% and an illumination period of 12 h day. Twenty-five groups of 20 snails each were formed. The animals in each group were from same egg laying. For the first month of life the snails were placed on a wet synthetic sponge within small plastic boxes (12 X 7 X 5 cm). The diet, plant material meal, was placed on a small piece of parafilm (2 cm 2 ) in the box. After the first month of life and until the 6th month, the snails were housed in larger plastic boxes (15 X 15X 8 cm) without sponges and with appropriate feeders and drinkers. The boxes were covered with wire netting.
Each of the 5 groups of snails was fed ad libitum one of a series of diets of varying protein content. The different diets were isocaloric containing 15· 1± O· 1 kJ / g dry matter. The crude protein content of the diets (N x 6, 25) were: 10,0 (diet I), 12·5 (diet II), 15'0(dietIII), 17· 5 (diet IV) and 20· 0070(diet V). Each group of animals was weighed at birth, and every 15 days thereafter until 180 days of age. From 15 until 180 days of age, the total excreta and uneaten food were collected every 2 days, stored at -20 o e and analysed at the end of every 15 days period. The dry matter content of offered and uneaten food samples was determined by freeze drying to constant weight and dry matter intakes calculated. The nitrogen content of food and excreta samples was determined by micro-Kjeldahl method using a nitrogen determination apparatus (Biichi Laboratory-Techniques Ltd, Switzerland). The protein balance was determined every 15 days from 15 until 180 days of age.
The experiment was designed in a 5 xlI factorial arrangement, involving 5 dietary protein contents with 11 animal ages. Thus, there were 55 different protein content-animal age Sanz Sampelayo, Fenella & Gil Extremera combinations. The effects of protein content and animal age on dry matter and protein intake rates (mg/animal), growth rates (mg/animal) growth efficiency factors (weight gain/intake), protein retention rates (mg/ animal or mg/ g weight gain) and protein retention efficiencies (protein retained/protein intake, 070), were statistically analysed by means of a variance analysis of a two factor experiment (Steel & Torrie, 1984) . Individual differences between treatments were assessed by means of LSD, Tukey test.
Results
The main effects of protein content and age on the different parameters here analysed are shown in Tables 1 and 2, respectively. The most significant factor affecting all these parameters was the age of the animals. Whilst dietary protein concentration had a significant effect on dry matter and protein intake, growth efficiency and on protein retention, it had no significant effect on growth rate.
Dry matter intake (mg/animal) and protein intake (mg/animal), increased in the same way from the start of study (15 days old) until the snails reached 2· 5 months of age at which time, apart from minor fluctuations, they stabilized (Figs 1B and 2B) . Further increases in average values, subsequently occurred after the snails reached 5 months of age. However, these increases were not significant and were largely caused by an increase either in the dry matter intake of animals fed the 100/0 protein diet (Fig.   1C ), or in the protein intake of animals fed the 200/0 protein diet (Fig. 2C ).
Whilst there appeared to be a significant effect of dietary protein concentration on dry matter 
.' , . . and protein intake (Figs lA and 2A) , Figs lC and 2C show that the average values were distorted by the substantial increases in either dry matter intake in the last month by animals fed the 10070 protein diet or protein intake from 2· 5 months of age by the animals fed the 20070 protein diet. Taking this into account, it seems that there was little real effect of protein concentration on dry matter and protein intake and certainly groups other that fed on the 10070 protein diet for dry matter intake and that fed on 20070 protein content diet for protein intake were not significantly different from each other.
Age significantly influenced the rate of growth. The data seems to show three phases of growth: an initial slow rate (0' 5-1' 5 months of age) followed by a rapid phase (1 . 5-3' 0 months of age) and finally a steady decline ( Fig 3B) . However because of the large amount of variability in the data, it is difficult to prove this statistically. Growth efficiency factor (weight gain/intake) decreased from the start until the end of the study (Fig. 4B) . However, only that value reached at 15 days old, was significantly different from each other. Dietary protein content had no significant effect on growth rate (Fig. 3A) and on growth efficiency factor (Fig.4A) . Although there were small fluctuations in the rates of protein retention (mg/animal and mg/g weight gain) in the groups of snails from the age of 15 days old to 4, 5 months of age, the data remained quite stable and there were no significant changes with time in the protein retained per animal (Fig. 5B ). From 2 months of age, this rate of protein retention was higher for those animals fed the 17· 5 and 20· 0% protein diet, in spite of that very low value showed at 4, 5 months of age by that group fed the 20· 0070 protein diet (Fig.  5C ). This was reflected in the data showing the effect of dietary protein concentration on protein retained per animal. The mean values for groups fed 17·5 and 20·0070 protein diets were significantly different from each other (Fig. 5A ). After 5 months of age, the snails fed on the 17· 5 and 20· 0070 protein diet showed a substantial rise on the rate of protein retained/weight gain; the other groups showed no such change (Fig. 7C) . The change in these two groups was sufficiently great to significantly increase the mean value for this rate of protein retention all the groups in the last two periods (Fig. 7B ). This was also reflected in the data showing the effect of dietary protein concentration on protein retained/weight gain (Fig. 7A) .
Protein retention efficiency (protein retained/ protein intake) decreased from start of the study until the snails reached 4, 5 months of age at ."., .. ".
•. ,.. which time it stabilized (Fig. 6B ). All groups showed large fluctuations except that fed 17·5 rtJo protein diet (Fig. 6C ). Protein retention efficiency was consistently higher in the snails fed on the 17' 5 rtJo protein diet.
Discussion

Dry matter and protein intake
The study of food consumed versus age data, shows in any species the same geometrical feature of increasing with diminishing slope and apparently becoming asymptotic to a maximum food intake. Parks (1982) reported that data from several experiments suggested a law of diminishing returns for the increase of appetite as the animal ages which could be described by a mathematical formula. If the high increase of dry matter intake of the animals fed the 10, OrtJo protein diet at the end of the experiments is excluded, the results obtained here are in agreement with the observations above.
By varying the quality of diets it is possible to vary the body composition of animals fed ad libitum. This approach, which has important implications for feeding strategies for meat animals, implies that animals have certain targets for growth and body composition and they vary their intake of different diets in order to achieve them as best they can (Webster, 1986) . In this respect speculation exists over the question of whether voluntary feed intake is determined by protein intake or rather, by energy intake. From experimental results from lean and obese Zuker rats fed on diets with different protein contents, Radclife and Webster (1978, 1979) reported that food intake was regulated to sustain constant maximum rate of protein deposition. However, Harris et al. (1988) using the same kind of animals, concluded that obese Zucker rats regulate energy intake albeit at an elevated level compared to lean rats and not protein intake. Whilst individual treatment dry matter intakes. in our study were generally not significantly different, there was some evidence that dry matter intake progressively declined with increasing dietary protein content (except for the group fed on the 20070 protein diet). In contrast protein intake of the different groups (except for that fed on the 20rtJo protein diet) remained constant. From this we would suggest that in these animals, regulation is of protein intake rather than of dry matter or energy intake.
Growth rate and growth efficiency factor
Growth velocity is often used to partition the growth curve into two stages which Brody (1945) called 'self acceleration' and 'self inhibiting', during which this growth velocity is increasing and decreasing, respectively. The results obtained here are in agreement with this. However, because of the large amount of variability in the data it was not possible to prove this statistically. This aspect of the high variability of individual weight during growth in these animals, has been studied previously by us (Sanz Sampelayo et at., 1990) . With increasing age, the growth efficiency factor faIls. The results obtained here are in agreement with this although only the first value was significantly different from each of the others.
As Parks (1982) reported, growth rate in animals is simply a consequence of the amount of nutrient they consume. A reduced protein intake may be the most critical factor in limiting growth of animals (Eisen, 1976) . Growth rates were here not different for different protein content diets, probably because the intake of feed was not restricted. Parks (1982) has shown that estimates of the efficiency of protein deposition, such as protein retention efficiency (PRE), show a pattern when plotted against dietary protein content suggestive of the law of diminishing returns, approaching an asymptote with increasing levels of dietary protein. A similar picture emerges from this study if one assumes that with zero protein in the diet protein deposition would have been zero or negative. The PRE values in snails appear however to be higher than those reported by Parks for vertebrates.
Protein retention
The difficulties of accurate nitrogen balances cannot be over emphasized. It is well known that, generally, there is a tendency for nitrogen retention to be over estimated. It has been reported (Agricultural Research Council, 1980) that it is difficult to identify the protein intake which leads to maximum protein retention even where nitrogen balance have been estimated accurately. Bearing this in mind, the effect of animal age and protein content of diets on protein retention, was studied here by means of nitrogen balance data.
